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he use of charcoal (biochar) as a fertilizer is
not a new thing, though it is only within the
few last years that agriculturists have taken
much notice of it.”
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BIOCHAR FOR SPECIALTY CROPS

History

» Biochar use In specialty crops production
does date back to the start of modern
science and earlier




BIOCHAR FOR SPECIALTY CROPS

History

1. Charcoal for food preservation -

Falck (1865) — Improves “ice chests” by
Including charcoal filled walls

Rideal (1903) - Produce (apples, pears,
and lemons) can be kept well for long
periods packed in charcoal powder
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History

2. Charcoal used for disease
prevention & non-target
chemical protection

200

—

« Skinner (1908) —
« Peas and lettuce in the presence
of charcoal
« Largest increases were in poor
guality silty clay loam soils (70%)

Normalized Yield
(% of control)
n o o

O O (& o
T
O
o
T paa—

: - ) 4 P P
 Direct mixing of charcoal in soil did QQ’ N
not result in significant increases N4

*Hitz et al. (1953)
 Used activated charcoal for

= Control

Charcoal
Tubes

® Mixed

strawberry seedling protection
from herbicides
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History

3. Actions of charcoal linked to sorptive properties

» Turner (1955)
* Positive impacts linked to sorption of plant “putrids”

» Weatherhead et al. (1978)
 Plant chemical inhibitors (auxin and cytokinin) sorbed by charcoal

* Marimon et al. (2012)
* Biochar activation alters plant responses for eggplant
* HNO; activated + cattle manure > Best yield + growth
« H,SO, activated - increased root density (below ground)

 Past studies have shown that charcoal can
Interactions with nitrate, nitrite, and ammonia
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3. Charcoal was used as fertilizers (manures)

T

REMARKS |

‘ I Chemical Analyses of
Samples of Soil

Ashes (see also Potash) *‘ constitute an important class of manures,
differing, however, in their effects according to the substance which
has undergone the process of burning, and the manner in Which L o e,
the process has been accomplished. The ashes of all vegetable ||~
substances consist principally of those substances which pl'mta ' '
reqmre a8 chaucoal hme phosphonc acld, and alkaline salts. Of ‘ ... -

3-ghe : - pable, and hence to secure | . N
1t in the gleatest quantltv the DIOCBSD of bmmnrr should be carried i

BERMUDA.

(John Henry LeFroy, 1883)

Quote is from a 1833
report
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History

N o
\ REMARKS

Chemical Analyses of
Samples of Soil

Ashes (see also Potash) *‘ constitute an important class of manures,
differing, however, in their effects according to the substance which
has undergone the process of burning, and the manner in which
the process has been accomplished. The ashes of all vegetable
substances consist principally of those substances which plants |
require, as charcoal, lime, phosphoric acid, and alkaline salts. Of ] . e N
these-charceal-o1-garben-is-the-mest-valuable, and hence to secure l " - x|
it in the greatest quantity the process of burning should be carried = |||
on as slowly as possible, and this is best effected by covering up
the mass while burning and admitting no more air jus -
cient to keep up a smouldering fire. The ashes of all vegetables
contamn almost the same constituent parts, and are found useful in
all soils and fo the majority of crops. They should always be
applied when newly burned, as th ' ’  Quote is from a 1833
_keeping even although kept under cover. A medium quantity of report

ashes may be taken as 1 Ih. weight to the square yard.”* Coal
ashes finely screened are also useful as manure, but less so than
wood ashes. The ashes of sea weed, known in England as kelp,
contain carbonate of soda and salts of potash, and are much used

BERMUDA.

(John Henry LeFroy, 1883)

Application rate
~5000 Ib/ac
(5500 kg/ha)
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History
3. Charcoal has been used as fertilizers (manures)

“The best manures for onions are said to be sea

weed and charcoal dust.”
Fressendeen (1834) — American Farmer Journal
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no doubt the guano added very largely to it. With an improv-
ed corn planter the guano in a mixture of 3% parts to one part of
charcoal or wood ashes, can be dropped in the hill and covered
an inch deep with soil, the same machine at the same time drop-
ping the corn. With hills 3 1-2 feet apart each way it would
apply at the rate of a spoonful of guano to a teaspoonful of
charcoal or ashes, and as the guano is covered with soil, the
seed does not come in contact with it.

Robinson (1853) Guano: A Treatise of
Practical Information for Farmers
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However:
“On stiff clay soils it will produce an increase of
vegetation, but not sufficient to pay the expense of the
manure (charcoal).”

Maryland State Agricultural Society (1822) p. 410
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Research Data

1.Germination and Seedling Growth
12 biochars x 12 specialty crops x 6 soils

2.Bloaccumulation of PAH Compounds from
Biochar Amended Soils
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Research Data

1. Germination and Seedling Growth
» Observed spectrum of behaviors — increases, decreases, and no effects
» Most interesting — Subsequent tests in same soil

|

Control Control BC



BIOCHAR FOR SPECIALTY CROPS

Research Data

1. Germination and Seedling Growth

6 M Control
S W Soil +BC
-5
W
m
5 4
0
=
s 3
2
Q)

v 2
o
=4
= 1
S
0 —

Initial 2nd cropping  3rd cropping  4th cropping

Spinach in 1% biochar (fast pyrolysis macadamia nut shell)
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Research Data

1. Germination and Seedling Growth
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BIOCHAR FOR SPECIALTY CROPS

Research Data

1. Germination and Seedling Growth

Percent Growth Compared to Control
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Lettuce in 10% (fast pyrolysis macadamia nut shell)
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Research Data

1. Germination and Seedling Growth
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Research Data

What are the consistent trends observed ?
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Research Data

« What are the consistent trends observed ?

*Organic Matter (Soil C) is increased
*Usually, statistically significant after 1% (w/w)
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Hardwood slow pyrolysis biochar (550 °C)
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Research Data

« CEC
Variable response observed
*Both in initial mixing and post-growth sequences

*Majority increases — But there are some decreases observed
~ 30% of soil x biochar combinations
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Waukegan Silt Loam +Hardwood slow pyrolysis biochar (550 °C)
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Research Data

Micronutrients... Occasional reduction in availability post biochar additions

*However, variable response observed — no clear trends

/— Present in biochar
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Sorbed PAH on Biochar

» Sum of total PAH range from 0.01 to 83 ug g
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PAH Uptake
Radish grown in
2 SO me S peC|a|ty 40 Morris, MN soil (Barnes loam soil)
| . N Soil
crops grown in 30 1

biochar amended
soils bio-accumulate
PAH compounds
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Radish grown in
Biochar amended Morris soil (10% w/w)
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| evels are variable
as a function of soll
type and biochar
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1-Methylnapthalene
2-Methylnapthelene
Benzo(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthrene
Fluoranthene
Napthalene
Phenanthrene

Pyrene
Benzo(k)fluoranthrene
Chyrsene

Compound
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PAH Uptake
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PAH Uptake

Potatoes - grown in Rosemount, MN field plots

1.0

0
o
Aﬁ-mv_ 6 Yuomenuasuo)

1
. °
c QO T
25eg
Oo.me
r.IS
o QO =
= o
W,.Ieu
o c 2 E
CWGU
eomC
Q = <
Sgaa
™

0.0

compounds

Potatoes - grown in 1% biochar in field plots

L aualyuein|4
L auaoeiyue(y‘e)zuaqig
L auasAIyD

L auayjuelonpi()ozuag
L auafiad(1‘'y‘6)ozuag

L auayjuelon) (q)ozuag
L aualAd (e)ozuag

L auaoeiyue(e)zuag

L auadelyue

L aualeyidoeuade

L auajAyydeuase

L ausfeyrdeujAylaw-1

L ausreyrdeujlAylaw-g

1.0

0
o
(166 Yuonenussuoy

<
o



BIOCHAR FOR SPECIALTY CROPS

PAH Uptake

3. Lack of correlation
with soil and bio-
accumulated PAH
amounts

Agrees with literature
on the bio-
accumulation of PAH
compounds in
contaminated soils.
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PAH Uptake

Additional research i1s needed in relation to:
« Variable bio-availability
« Weathering effects ?

« Wood ash has been observed to be a slow release source
of PAH compounds — but the time is unknown



Conclusions

eDifferences observed in the response
to specialty crops

>> Function of both biochar and soil

eResults to date agree with literature on
plants grown in PAH contaminated soils

> No direct correlation between soil and
plant concentrations
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